. The risk of infection for the fetus is of the order of 507% which means that about 055% of all infants are born congenitally infected and excreting the virus in the throat and urine. This has been confirmed by direct studies on newborn infants. Among 4259 unselected infants in London, from whom a urine specimen was collected on the day of birth, there were sixteen excreting CMV (0 4%/O) (Stern, unpublished data). One died shortly after birth, two had minor, transient illnesses and thirteen were apparently asymptomatic.
CYTOMEGALOVIRUS (CMV) is a commoner cause of fetal damage than rubella virus and also probably more serious, since it is the brain that is predominantly affected. About 40%4 of women of childbearing age in the United Kingdom are without CMV antibodies (compared with 15-20% in the case of rubella) and are therefore susceptible to infection, and 2-3%4 of them experience primary infection at some time during the course of pregnancy (Stern and Tucker, 1973) . The risk of infection for the fetus is of the order of 507% which means that about 055% of all infants are born congenitally infected and excreting the virus in the throat and urine. This has been confirmed by direct studies on newborn infants. Among 4259 unselected infants in London, from whom a urine specimen was collected on the day of birth, there were sixteen excreting CMV (0 4%/O) (Stern, unpublished data) . One died shortly after birth, two had minor, transient illnesses and thirteen were apparently asymptomatic. Nevertheless, over a period of 3-6 months' observation, three of the fifteen survivors were recognized to be severely mentally retarded (20%). Proportionally, this means the birth of about 500 retarded infants in the U.K. every year, more than double the number of cases of congenital rubella in nonepidemic years. This is not, however, the full picture since it is now known that congenital infection with CMV can cause lesser degrees of brain damage, leading to such abnormalities as sensori-neural deafness and perhaps also reduced intelligence, which may not become obvious until much later, often not until the child starts school (Reynolds et al., 1974; Hanshaw, 1976 The viraemia of primary infection in the pregnant woman is certainly the principal source of infection for the fetus in utero, but there are other possible mechanisms of infection (Fig. 1) . Following primary infection in pregnancy, the mother often continues to excrete virus, in the throat and urine, on the cervix and in the milk, for long periods after term (Medearis, 1964) . Some of the infants who manage to escape intrauterine infection may, therefore, become infected at the time of birth, as they pass through the cervix or, subsequently, from the mother's mouth or her milk when breast-feeding. However, a more important source of such perinatal and early postnatal infection is reactivation of latent infection. As with other herpes viruses, infection with CMV is followed by persistence of the virus in the body, in a latent form, probably for the rest of life. This latent infection can reactivate in pregnancy, probably as a result of the physiological immunosuppression that develops during pregnancy (Montgomery, Youngblood and Medearis, 1972) . About 60% of women of child-bearing age in the U.K. have CMV antibodies and are latently infected. Probably fewer than 5%o of them reactivate during pregnancy, although in other countries, such as Japan, the reactivation rate is almost 30%4 (Numazaki et al., 1970) . This difference may be related to the age of primary infection; in most European populations CMV infection occurs predominantly in adolescence and early adult life, whereas in more crowded countries, such as Japan, most infections take place in early childhood. Possibly, this early infection before the immunity mechanisms are fully mature, leads to a more unstable latent state. At any rate, reactivation can also be followed by excretion of virus for weeks or months after term, and about 50%°of the infants born to women who reactivate are infected from the cervix at birth, or later from the mother's mouth or milk . The infected infants do not begin to excrete virus until 4-6 weeks later, compared with congenitally infected babies who already excrete virus on the day of birth. These relatively late infections occasionally cause respiratory illness, of greater or lesser severity, or mild disturbances of liver function, but mostly they are asymptomatic and, as far as is known, there is no damage to the brain such as occurs with intrauterine infection (Levinsohn et al., 1969) .
There are several reports in the literature of intrauterine infection following reactivation of latent infection Evans, McCollum and Valdimarsson, 1975) However, this is uncommon; in the great majority of cases, pre-existing circulating antibody effectively prevents passage of free virus across the placenta (Montgomery et al., 1972; Reynolds et al., 1973; Stagno et al., 1975) . For example, despite the very high frequency of reactivation in pregnant women in Japan and other Far Eastern countries the incidence of congenital infection is no higher than elsewhere (Alexander, 1967; Numazaki et al., 1970; Olson et al., 1970) .
There is a further important source of perinatal infection in the form of exchange transfusions for blood group incompatibility, since about 5%4 of blood donors carry CMV in their peripheral leucocytes as part of their latent infection. However, these transfusion infections are also usually asymptomatic and apparently without sequelae (Luthardt et al., 1971; Yeager, 1974) .
The frequency and severity of congenital CMV infection make prevention an important matter. To detect the primary infections when they occur in pregnancy is much more difficult than in the case of rubella. This is because CMV infections in adults are almost invariably subclinical; there is no clinical warning sign, such as the rash in rubella. Diagnosis is therefore entirely dependent on the laboratory. Since most women do not come for confirmation of pregnancy until the second or third month or later, screening for CMV infection would require an initial test for CMV-specific IgM antibody at the first antenatal attendance, to detect any infection that might already have occurred during the early months, and this would have to be followed, in those without any CMV antibody at all, by further tests at intervals up to, say, the twentieth week; unlike rubella, CMV can severely damage the fetus also during the second trimester (Monif et al., 1972; Stern and Tucker, 1973) . It is doubtful whether such a monitoring regime could be established for all women, on a national scale, and particularly for young unmarried girls who become pregnant and who seem to provide an unusually high proportion of all congenitally infected infants. The obvious answer is a vaccine that would be administered, perhaps at the same time as rubella vaccine, to girls aged 11-14 years. Only a live vaccine would be expected to produce sufficiently long-term immunity to persist throughout the subsequent child-bearing years. However, there are unusual problems involved in developing for the first time a live herpes virus vaccine for use in man.
Vaccination
There are four main problems attaching to the use of a live CMV vaccine:
(1) Attenuation Natural infection with CMV rarely seems to cause illness in healthy individuals. Nevertheless, in the case of both CMV vaccines at present under investigation, standard practice was followed and they were prepared by long-term, serial passage of the respective strains of virus in human diploid fibroblast tissue cultures (Elek and Stern, 1974; Just et al., 1975) . Because CMV is highly speciesspecific, initial tests of the vaccines could be done only in volunteers. Subcutaneous injection has produced antibody in almost every case and, even with high doses, there have been no significant local or general reactions. An important advantage of the parenteral route of inoculation is the absence of excretion of the vaccine virus, thus avoiding the immediate problems of cross-spread to contacts, particularly pregnant women.
(2) Antigenic differences among human strains of CMV Human strains of the virus do show minor differences in cross-neutralization tests; these do not seem to be related to the source of the virus, either the part of the body from which it was isolated or the illness. However, with both hyperimmune animal sera and convalescent human sera extensive crossreactions are obtained among these strains (Andersen, 1970 (Andersen, , 1971 (Andersen, , 1972 Graham et al., 1971; Haines, von Essen and Benyesh-Melnick, 1971) , and vaccinated volunteers produced good levels of antibody against all three prototype strains of CMV (Elek and Stern, 1974) . There is also relevant information from patients undergoing open-heart surgery. These operations require massive transfusions of blood from multiple donors, which means a high likelihood of intravenous inoculation of CMV-infected leucocytes. Yet, illness, the post-perfusion syndrome, is seen almost exclusively in patients who were without pre-existing antibody before the operation (Embil et al., 1968; Henle et al., 1970; Stevens et al., 1970; Perham et al., 1971) . Subclinical infection, too, is significantly more common in such patients and rarely occurs in those with high levels of pre-existing antibody (Paloheimo et al., 1968; Henle et al., 1970; Caul et al., 1971; Med. Res. Coun. Study, 1974) ; in patients with low levels of antibody, any increase in titre after operation is, in fact, probably due to reactivation of latent infection rather than new infection (Olding, Jensen and Oldstone, 1975) . This argues against significant antigenic differences among strains and for protection by circulating antibody against exogenous re-infection. It therefore seems unlikely that more than a single strain of CMV will be needed to provide an effective vaccine.
(3) Reactivation of latent infection
There is no reason to doubt that vaccine strains of CMV will establish long-term latent infection as readily as wild strains. However, as discussed above, primary infection of immunologically mature subjects, at 11-14 years of age, would not be expected to lead to any unusual incidence of reactivation. Even should reactivation occur in subsequent pregnancies, pre-existing circulating antibody should provide effective protection against placental passage of any virus liberated into the tissues.
A high proportion of those patients given a kidney transplant who are without CMV antibodies beforehand suffer primary infection subsequently, and this is often associated with illness which can be serious and fatal (Armstrong et al., 1971; Spencer, 1974; Ho et al., 1975 (Albrecht and Rapp, 1973; Geder et al., 1976) . However, there appear to be strain differences in this respect. Moreover, in the case of Marek's disease virus and herpes virus saimiri, which causes malignant lymphoproliferative disease in its unnatural host, the squirrel monkey, adaptation to tissue culture can lead to loss of oncogenic activity, and, when used as live vaccines, the adapted strains offer protection against the oncogenic effects of superinfection with wild strains (Churchill, Payne and Chubb, 1969; Schaffer, Falk and Deinhardt, 1975) . This is encouraging for the use of a tissue cultureadapted strain of CMV for vaccination in man.
Obviously much more work is needed but no vaccine in current use today can be guaranteed free of possible, rare complications. Indeed, recent work has indicated that even common RNA viruses, such as measles, respiratory syncytial and influenza viruses, may establish latent infection in host cells by forming, perhaps with the help of endogenous oncornavirus reverse transcriptase, DNA proviral replicas of themselves (Zhdanov, 1975; Simpson and Iinuma, 1975) ; this obviously also carries reactivation and oncogenic implications. Doubts have also been raised about the suitability of cultured cells as models for in vivo transformation and cancer (Shields, 1976 
